A workshop on alternative toxicological testing methodologies was convened by the Scientific Group on Methodologies for the Safety Evaluation of Chemicals (SGOMSEC) 26-31 January 1997 in Ispra, Italy, at the European Centre for the Validation of Alternative Methods.The purpose of the workshop was to assess the current status of alternative testing methodologies available to evaluate adverse human health and environmental effects of chemicals. Another objective of the workshop was to identify and recommend research needed to fill knowledge gaps that would lead to new test methodologies. Four work groups were established to address conceptual issues, acute toxicity, organ toxicity, and ecotoxicology. A joint workshop report was prepared for each topic and included recommendations for the development and use of alternative methods. Participants concluded that alternative methods and approaches are available that can be incorporated into tiered strategies for toxicological assessments. Use of these methods will reduce the numbers of animals required, and in some instances reduce animal pain and distress. It was recommended that future efforts to develop test methods should emphasize mechanismbased methods that can provide improved predictions of toxicity. Continued international cooperation was encouraged to facilitate future progress in the development of alternative toxicological testing methods. These methods will provide for improvements in human health protection, environmental protection, and animal welfare. Environ Health Perspect 106(Suppl 2): 405-412 (1998). http.//ehpnetl.niehs.nih.gov/docs/1998/Suppl-2/405-412stokes/abstract.html
Background
The Scientific Group on Methodologies chemicals into the environment. To assess for the Safety Evaluation of Chemicals the current status of alternative testing (SGOMSEC) is an international organiza-methodologies available to evaluate such tion whose objective is to contribute to the risks, a SGOMSEC workshop was orgareduction and prevention of human health nized and convened 26-31 January 1997, and environmental risks caused by the in Ispra, Italy, at the European Centre for introduction of natural and man-made the Validation of Alternative Methods. Knowledgeable scientists from the international community were invited to participate and prepare comprehensive review papers on specific topics for discussion at the workshop.
The workshop focused on new or revised testing methods for which there are planned, ongoing, or completed validation studies, and those which will likely be considered for regulatory use. An additional objective of the workshop was to identify and recommend research needed to fill knowledge gaps that would lead to new test methodologies.
Workshop participants were assigned to four work groups: conceptual issues, acute toxicity, organ toxicity, and ecotoxicology. Each group prepared a joint report on the status of alternative test methods and issues relevant to their topic, as well as recommendations for their future development and use. The workshop report, published in this Environmental Health Perspectives Supplement, consists of this overview, four joint reports, and background papers prepared by workshop participants.
The purposes of this workshop overview is to provide an introduction about alternative testing methods, and to summarize the conclusions and recommendations of the four joint reports (1) (2) (3) (4) . Additional details about specific issues and methods can be found in the joint work group reports and the individual review papers.
Introduction
It is estimated that over 80,000 chemicals are currendy in use and that an average of 2000 new ones are introduced annually (5) . The public and the environment may be exposed to these chemicals during their Currently, product development and public health decisions on carcinogenicity depend on the expensive and timeconsuming chronic 2-year rodent bioassay. However, rodent models have been created in which critical genes serve as specific targets for potential chemical carcinogens. Examples include three models being evaluated in an international multilaboratory effort: the p53 tumor-suppressor gene deficient mouse, the Tg.AC mouse that carries an activated ras oncogene, and the ras HII mouse which carries a human ras oncogene. Ongoing and planned studies on these test models will provide information on their potential usefulness for risk assessment purposes.
Computer Algorithms
Computer-based analysis of diverse chemical properties is being used to create algorithms for predicting toxicological effects of structurally related chemicals. An example is the use of QSAR models, which have been extensively developed and used. This model is based on the premise that the biologic properties of a chemical are inherently linked to its molecular structure. QSAR models are currently being incorporated in the initial stages of tiered testing approaches to estimate the likelihood of a toxic effect. Information is used to determine candidates for additional toxicity testing or further product development.
Exposure-Eflfect Relationships
Determination of the absorption, distribution, metabolism, and excretion of chemicals is necessary to fully characterize their potential toxicity. This 
Validation and Acceptance
Requirements for the use of alternative testing methods are validation and acceptance. Validation is the process of establishing the reliability and the relevance of a test method. Reliability is the reproducibility of results within and between laboratories, and relevance is the extent to which a test is meaningful and useful for a particular purpose. Acceptance occurs when the test method is considered suitable for risk assessment purposes aimed at the protection of human health or the environment. New test methods evolve through a series of steps from development of the method to validation and finally acceptance. Validation of a new test method in accordance with established criteria is a prerequisite for regulatory acceptance (9) . Furthermore, separate criteria must be met to achieve regulatory acceptance (9) . Specific validation and regulatory acceptance criteria were developed at an Organisation for Economic Cooperation and Development (OECD) international workshop in 1996 (9) and have been described in another recent report on this subject (10 
Summary
Alternative methods that provide useful information for human health and environmental risk assessments are now available in all areas of toxicity testing. Some methods can replace traditional methods, whereas others are useful in tiered testing approaches. Still other methods provide mechanistic information that is helpful in interpreting data from laboratory animal models. These mechanistically based methods provide improved predictions of toxicity, and some provide savings in time and cost. Alternative methods also reduce the numbers of animals required for toxicological assessments, and many incorporate refined end points that are more humane.
Continued international cooperation will facilitate future progress in the development of alternative toxicological test methods. These methods will provide for worldwide improvements in human health protection, environmental protection, and animal welfare.
